
7 A-A,07 8714 FOREIGN TECHNOLOGY 
DIV WRZSHT-PATTERSON 

AF OH 
F/6 114/2

A QUESTION CONCERNING THE CREATION OF PLANE MAGNETIC FIELD BY A-ETC(U)
DEC 79 V V MARTSAFEY

UNCLASSIFIED FTD-ID(RS)T-1811-79 NL

END



PHOTOGRAPH THIS SHEET

LLEVELINETR

~ C-)DOCUMENT IDENTIFICATION

get

IDISTRIBUTION STATEMENT A
IApproved for public releaselI Distribution Unlimited[

DISTRIBUT7ION STATEMENT

ACCESSION FOR
NTIS GRAMI

uTic TAB 5
UNANNOUNCED DTIC
JUSTIFICATION fETE

DISTRIBUTION/D
AVAILABILITY CODES
DIST' AVAIL AND/OR SPECIAL DATE ACCESSIONED

DISTRIBUTION STAMP

80 62 256
DATE RECEIVED IN DTIC

PHOTOGRAPH THIS SHEET AND RETURN TO DTIC-DDA-2

DTIC FORM 70A DOCUMENT PROCESSING SHEET



FTD-ID(RS)T-1811-79

FOREIGN TECHNOLOGY DIVISIONr

000

-~~ A QUESTION CONCERNING THE CREATION OF PLANE MAGNETIC

FIELD BY AN ARRAY OF IDEALLY CONDUCTING WAVEGUIDES

by

V. V. Martsafey

Approved ror public release;

ditiuinulmtd



FTD-ID(RS)T-1811-79

EDITED TRANSLATION
FTD-ID(RS)T-1811-79 7 December 1979

MICROFICHE NR: FTD-79-C-O01575

A QUESTION CONCERNING THE CREATION OF PLANE
MAGNETIC FIELD BY AN ARRAY OF IDEALLY
CONDUCTING WAVEGUIDES

By: V. V. Martsafey

English pages: 7

Source: Izvestiya Vysshikh Uchebnykh Zavedeniy,
Radioelektronika, Vol. 11, Nr. 1, 1968,
pp. 36-4o

Country of Origin: USSR
Translated by: Victor Mesenzeff
Requester: USAMICOM
Approved for public release; distribution unlimited.

TIS TRANSLATION IS A RENDITION OF THE ORI0..
MAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR
EDITORIAL COMMENT. STATEMENTS 0R THEORIES PREPARED BY:
ADVOCATED O0 IMPLIED ARE THOSE OF THE SOURCE
ANODO NOT NECESSARILY RFLECT THE POSITION TRANSLATION DIVISION
OR OPINION OF THE FOREIGN TECHNOLOGY DI- FOREIGN TECHNOLOGY DIVISION
VISION. WP.AFB, OHIO.

FTD -ID(RS)T-1811-79 Date 7 Dec 19 79

__ _ _ _ _ at e 9 7



p4

U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

i;ck italic Transliteration Block Italic Transliler&t'.
A a A, a Pp Pp R,r

S 6 B, b C c C Z, s

F3 B a V, v T T T m T, t

*r a G,g Y y y y U, u

D, d co F, f

La E Ye, ye; E, e* X x X x Kh, kh

W Zh, zh L U Ts, t-

:3 3 3 o Z, z H 4 V Ch, cL

m ; u I, i UJ W LU w Sh, sh

H ' R ii Y, y W L4 u( i a Shch, snc

H R K K, k b -b •

,I A J7 A L, 1 N bt W u Y, y

,, - M M M, m b b b 6 t

H H N N, n 3 3 9 E, e

0 0 0 O, 0 hh m 10 ; Yu, yu

il n 17 n P, p H 8 2 a Ya, ya

•ye initially, after vowels, and after b, b; e elsewhere.
"hen written as i in Russian, transliterate as ye or e.

RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS

Hissian English Russian English Russian

ri sil. sh sinh arc sh
,c: ch cosh arc ch

tan th tanh arc th
ct' cot cth coth arc cth

sec sch sech arc sch
mosec csc csch csch arc csch

Russian English

rot curl
ig log

II I _ _ _I A



A QUESTION CONCERNING THE CREATION

OF PLANE MAGNETIC FIELD BY AN A4T?.AY

OF IDEALLY CONDUCTING WAVEGUIDES

V. V. Martsafey

This article shows the difficulty involved in creating a
quasiplane field at small distances from the radiator. An estimate
is given for an array of ideally conducting waveguides (from the
standpoint of the field created by it) using the exact theory.

INTRODUCTION

At the present time, a problem often arises in the measurement

equipment which deals with the creation of a quasiplane electromnag-

netic field, which is necessary for the measurement of a number of

characteristics (radiation patterns, scatter diagrams, etc.). Quite

frequently, this problem is solved by the most elementary method -

by increasing the distance between the object being measured and

the radiator to a value on the order of

where D is the maximum dimension of the test antenna or the scatter-

er and X is a wavelength [1].

Obviously, in many instances, this distance can prove to be

very large.

A method was proposed in 1953 [2], which is based on the trans-

formation of a spherical wave into a plane wave by nreans of a lensf collimator, which made it possible to shorten the distance consider-
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ably, improve the sensitivity of the device, etc.

Two requirements can be imposed on the collimator:

a) there should be a minimal difference between the plane field

and the field leaving the collimator; b) the reciprocal reflections

between the collimator and the object being measured must be minimal.

When comparing the lens collimators with the mirror collimators,

preference should be given to the former because, with all other

conditions being equal, the field leaving the lens collimators is

close to the plane field, since the diffraction phenomena taking

place in the mirrors are expressed more clearly. It is also clear

that the waves reflected of the test object, which do not converge

in the focus of the lens (with small E') "leave the game"~, and in

symmetrical mirror collimators the energy of these waves spills over

towards the object being measured. However, lens collimators also

have a number of drawbacks, the principal of which are:

a) a significant, although relatively gradual, change in the

amplitude of the field behind the lens;

b) oscillations in the field's amplitude during the preparation

* of the lens from a foam polystyrene, which are due to the hetero-

geneity of the material;

c) relatively large reciprocal reflections during the Prenara-

tion of the lens from an optically homogeneous material with a

* considerable e.

Several versions were proposed for the improvement of the col-

limator's properties, for example [3, 4]; however, .Iudging by the

literature, the problem of lens collimators cannot be considered

as solved. Under these conditions, it would be expedient to estim-

ate the capabilities of the arrays.

In this work we will evaluate the capabilities of a simplest,

from the technological standpoint, array (but also the w~orsts with

regard to the heterogeneity )f the exciting field) - Waveguide ar-

rays with well-conducting sides. In o±'der to simplify this prob-

lem, we will examine a two-dimensional problem, havinr assumed,

furthermore, that the sides of the waveguides are infinitely thin,

while the conductivity is infinitely high.
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DERIVATION OF BASIC RELATIONS AND

AN ANALYSIS OF THE OBTAINED EXPRESSIONS

Many works have been devoted to the problems deallng with the

study of arrays consisting of ideally conducting plates [5-8]; how-

ever, most of them were devoted to the examination of the problems

dealing with a plane wave hitting the array. The radiation from an

array was analyzed in [8] but only for the limited values of the

period of the array.

We will make it our task to find a strict solution for the

field of radiation of an infinite array of ideally conducting semi-

infinite waveguides, which are excited in-phase by the wave H 0 1

with an arbitrary array period (Fig. 1). In this case we will extend

this method for solving the problem of radiation from the open end

of the waveguide [9] onto an array of such waveguides*.

Using the Gaussian system of units and discarding, everywhere,

the time factor exp (-iwt), we obtain the following expression for

the vector potential describing the field in an infinite array of

waveguides excited in-phase by the wave H0 1 :

A, ,r - 10 (k (V--(2n + 1) d? + 1, -a)..
(2) o

+ "( /;-,) + (-L+g"k + (2n + 1) + (a -g) ...] X

X J(E) dL

where Jx () is the surface density of the current.

We note that

E.aiA,; H, - -- ; H,---. ; E, - E. H. - 0.

Using the boundary condition

E.-0 cowAet y-t (2n+ 1)a: n-0; I;2;3;....

The fundamentals of this work stem from the report made by an
author on the diffraction of waves at the II All-Union Symposium
held in Gor'kiy (1962). As it was revealed at the symposium, using
the same method, earlier, L. B. Tartakovskiy solved the problem
dealing with an array of waveguides. However, to the best of his
knowledge, a strict solution for the radiation field with an ar-
bitrary period is presented and discussed for the first time.
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we obtain the basic integral equation

J... Wo"(k Vj(nd? + (z - 9) +... +2H("(k VT. + (z- 9) +( 3)

+ Hh)"(kz- ) J. ( )dt = 0.

Using the method described in [9], it is possible, departing

from (3) and the condition of absence of the conductivity cur-

rent outside the plates, to obtain the following system of differen-

tial equations:

e'*eL(w)F(w)dw-O. when z>O

(4)
e"w'F(w)dw -- Ae-z, when z <0

where A is the amplitude of the wave incident on the aperture; h is

a longitudinal wave number of this wave; F(w) is the Fourier trans-

form of the surface density of the current of the reflected wave;

L(w) is the Fourier transform of the kernel of the integral eaua-

tion (3).

Since the system of functional equations (4), which descibes

the fields created by an array of plane waveguides, differs

from the system of the functional equations describing the fields

of a solitary plane waveguide, in essence, only by the form of the

function L(w) [and, consequently, F(w)], we will omit the calcula-

tion operations similar to those in [9].

It is possible to establish that

(5) L(w) - (w2-h')L(w)L(w)

and

(6) (-w)L,(w)--- - -,
W -(W -h),(m)

where L,(w) is the function, .hich is holomorphic in the upper

half-plane Im > 0 and which does not have zeros there; Ls(w) is the

function, which satisfies the same conditions in the lower half-

plane ImwC0.
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Fig. 1. Fig. 2.

The functions '2(w) and $2(w) have properties similar to

those of .L-(w), and they are given in [9].

Following [91, we find a solution for (4) in the form

F(w) A 2hL(-h)- "(wl - h) L. (w) '

on the basis of which we obtain the following expression for the

vector potential:

A. (y z)- Yw 5 V I4(k I/(y -(2n +1) ar+ (z-~' fet-F(w)dwdt
0 a-~ C

(contour C is shown in Fig. 2).

After transforming this expression, we obtain

(7)d dw,

where "u-- --- , Imv v O.

To find the radiation field, we close the contour C with a semicir-

cumference in the lower half-plane, replace the infinite products

in 9(w)' and *2(w) with the products of N factors (N>>l), we ob-

tain the following expression after the use of the residue theory

and transformation:

An, 4)- (k, d) s . +

k). rl(1 I (



N

+ d 11xi

(8) (I, T ( "i ...(1

The following designations are used in (8):

;~ ~ -. k= - '

From an analysis of (7) and (8) we can draw the following conclu-

sions :

1. With any q, Ax(Y, z) is finite.

2. With 0.5<ql the array forms a plane wave traveling along

the normal from the array and the fields, which attenuate exponen-

tially and which become negligibly small at a short distance from

the aperture (when q is not very close to 1).

We note that this property of the array has been known for a
long time. However, the metal-uminated lenses were designed with

a distance between the plates of less than 2l(a<l), mainly, to make

the lens more compact (for which it is necessary that the coef
ficient of refraction be significantly different from unity); al-

though, from the approximate calculations, it is known that when

q>l, the level of side lobes increases [10].

3. The numerical calculations performed on an electronic digital
computer, with N=75 and q=l.06; 1.19; 1.31; and .4t, have shown

(with an accuracy up to the calculation and result-processing error): i
a) the oscillations in the field's amplitude beyond the array (at

distances, when it is possible to disregard the fields which at-

tenuate exponentially) are periodic and the period increases with

an increase in q; b) for all the q listed, the ratio of a maximum
value of the field's amplitude to the minimum value is eaual to 9.

. It is clear that such an enormous heterogeneity of the field

beyond the array, when q>l, makes them virtually unsuitable for the

creation of a quasiplane field.
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Based on what has been said above, when evaluatinp the arrays

of waveguides with the sides which conduct well, it should be noted

that only arrays with q<l are suitable for the creation of a auasi-

plane field. However, evren in this case, one should take into ac-

count the fact that the reciprocal reflections can be large (see the

graph for the reflection coefficient in [7, 8]). Thus, the pos-

sibility that such arrays have to be used with various space at-

tenuators is not excluded.

All this points to the limited capabilities of the arrays of

well-conducting waveguides, designed to generate a auasiplane field.

BIBLIOGRAPHY

I. K y m u A E a n. n 1 T e p c, Tpeosau~xs x paccTonumvo npu nsmepewux pxHo-
.oawonnoro flnepeqmoro ceeiuie . THH3P. 1965, 53, 8, 1057.

2. Mentzer J. R.. The use of dielectric lenses in reflection measurements. PIRE,1%53. 41, A 2, M5.
3. K o a a u e a B. fn., HeKoropbie MeTOAt 4OpMHpOBaHHR IjiOCKOA qaieKTpomarHHTHaOi

OAHN, 9 aa6opaTopr,.x ycjiopHix, Pa AoTexHHKa H 3JIeKTpo*HKa, 1962, 7, ,* i, 71.
4. KM a 6 e p S. E.. LJ e Ar a N H B. B., 06 IMepeHm napameTpo allTeHH a nose

nMocKoh DOAHNL-, cosasaeol KOJIIHMaOpOM. PaAHOTexi#HK& a 9aeKTpoFNIKI. 1965. 10,
M7. 1190.

5. C a r I s o n J. F., H e I n s A. E.. The reflection of an electromagnetic plane wave
by an infinite set of plates, I, Quarterly Appl. Mathematics, 1947, 4, M 4, 313.

6. H e I n s A. E.. C a r I so n J. F., The reflection of an electromagnetic plane wave
by an infinite set of plates, II, Quarterly Appl. Mathematics, 1947, 5, N 1, 82.

7. L e n g y e I B. A., The reflection and transmission at the surface of metal-plate
media, J. Appl. Phys., 1951. 22, J* 3. 265.

8 W h it e h e a d E. A. N., The theory of parallel-plate media for microwave lenses.
PIEE. 1951. U, J* 52, 133.

9. B 4 A 9 W T e Ait .11. A., Au4opanan snerrpoarxuawx a sayaxou* so.nn ne orup,.
oI roUe 0021ooUAA. H3A-0 .Coseircxoe pajos, 1953.

10. 9 p A au A. 3.. Arreanu csepxMucoaMx ,MacroT. HaA-so eCoecme puwos. 1957.

Submitted

13/XII/1966

7



DISTRIBUTION LIST

DISTRIBUTION DIRECT TO RECIPIENT

ORGAUIZATION MICROFICHE ORGANIZATION MICROFICHE

A205 DMATC 1 E053 AF/INAKA 1
A210 DMAAC 2 E017 AF/RDXTR-W 1
B344 DIA/RDS-3C 9 E403 AFSC/INA 1
C043 USAMIIA 1 E404 AEDC 1
C509 BALLISTIC RES LABS 1 E408 AFWL 1
C510 AIR MOBILITY R&D 1 E410 ADTC 1

LAB/FIO
C513 PICATINNY ARSENAL 1 FTD
C535 AVIATION SYS COMD 1 CCN 1

C591 FSTC 5 ASD/FTD/NIIS 3
C619 MIA REDSTONE 1 NIA/PHS 1
D008 NISC 1 NIIS 2
11300 USAICE (USAREUR) 1
P005 DOE 1
P050 CIA/CRB/.A1M/SD 2
NAVORDSTA (50L) 1
NASA/NST-44 I
AFIT/LD 1
ld1.//ode L-389 1
NSA!/ 213/ITDL 2

-"D- D (-"S) T-I 1l1- 7

I.

.1l


